Marine Isotope Stage 7 (MIS 7) is an interglacial that has not been a major topic of scientific interest, yet is interesting because it contains five warm and cold phases (MIS 7e-a) within a brief period of time (ca. 246e186 ka). In this context, there are several sites that contain Middle Pleistocene human remains in Europe, including Mollet cave, the subject of this study. Analyses of the small vertebrates from this cave, together with the numerical dating (ca. 215 ka), established the environmental and climatic conditions in which the hominins who frequented the cave lived. The results obtained situate the Middle Pleistocene hominins of Mollet cave in the MIS 7c substage, indicating that the occupation by humans took place in a transitional phase from a warm to a cold stage with forest development.
Introduction
The Middle Pleistocene climate was characterized by the alternation of seven cold periods, each lasting ca. 100 ky, and six interglacials, which were relatively short with the exception of the unusually long interglacial, Marine Isotope Stage (MIS) 11 (ca. 423e362 ka). The earliest glaciation across northern Europe occurred during MIS 16, ca. 650e620 ka (Head and Gibbard, 2005) , and colder conditions than at present have dominated these last 600 ka (Dennell et al., 2011) . This is the climatic context for the European human fossil record, which includes several sites ( Fig. 1 ; Table 1 ). Though there is not unanimous consensus in the matter, most of the Middle Pleistocene hominins should in general be classified as either Homo heidelbergensis or Homo neanderthalensis (Arsuaga et al., 1997; Hublin and Roebroeks, 2009; Stringer, 2012, among others) . Only nine of the sites with hominin remains listed in Table 1 can be ascribed to MIS 7 (Petralona, Almonda, Ehringsdorf, Lezetxiki, Pontnewydd, Biache, Vértesszö-lös, Bolomor and Mollet). Arsuaga et al., 2012 6 MIS 7 is an isotopic interglacial dated to around 246e186 ka. According to pollen analyses of marine and terrestrial sequences from Europe including the Iberian Peninsula, this interglacial is characterized by a marked alternation of five warm and cold periods (Despart et al., 2006; Roucoux et al., 2006 Roucoux et al., , 2008 . The study of this particular interglacial period will permit a better understanding of the climate system with regard to the climatic response of diverse environments under strong amplitude forcing, contrasting with that of the current interglacial (Despart et al., 2006) . Up to now, MIS 7 has not been a major topic of scientific interest, and consequently very few high-resolution records of it are available in Europe (Despart et al., 2006; Roucoux et al., 2006 Roucoux et al., , 2008 . Taking into account this background, this paper presents here for the first time the small-vertebrate quantitative data to characterize the climate and the environment of Mollet cave during MIS 7 and to compare this site with other European localities with human remains that have a similar chronology. These data facilitate a better understanding of the Middle Pleistocene hominins and their interactions with the environment in which they lived.
Site description
Mollet cave is situated at 42 09 0 47 00 N, 2 44 0 52 00 E, at an altitude of roughly 200 m a.s.l. It is located in Girona, in the northeast Iberian Peninsula (Fig. 1) . It is a small cave, which constitutes part of a set of archaeological sites, the most notable of which are the Arbreda and Reclau Viver caves (Maroto et al., 1987) .
The site was discovered in 1947 and partially excavated in 1947e48. In 1958, a new excavation campaign was undertaken, and in 1972 the final work was carried out on what are referred to as the "early" excavations (Maroto et al., 1987; Solés and Maroto, 2002) . Most of the cave filling was excavated in these campaigns. Between 2001 Between and 2005 Between , 2010 and 2011 work on the excavation of the cave was taken up again. The current campaigns have consisted of the excavation of the partial cores of Layer 5, with a view to characterizing the layer and acquiring a better understanding of the site's archaeological and palaeontological assemblage.
As shown by recent activities (Solés and Maroto, 2002) in conjunction with the data provided by the early excavations (Maroto et al., 1987 , among others), Layer 5 is a 50 cm bed composed of calcified yellowish muddy sands (generically tufaceous sands) with laminated tufa and oncolithic gravels. This layer contains few remains of anthropic activity (a few lithic elements made of quartz and some burnt travertine rocks). By contrast, it is rich in faunal remains that were not brought by humans. In addition to the presence of carnivores and ungulates, it also has a human tooth. The accumulation of skeletal remains in Layer 5 suggests that the cave would have functioned at the time as a den for carnivores, above all the spotted hyena, of which there abundant remains (Maroto et al., 2012) . The tooth in question is the first upper right molar of a child, with morphological and morphometric characters that coincide with those of pre-Neanderthals and Neanderthals (Cortada and Maroto, 1990; Maroto et al., 2012) . Using the uranium-series method, eleven travertine samples have been dated, providing an isochron age for Layer 5 of 215 ka (Maroto et al., 2012) (Table 2) .
Materials and methods
The small vertebrates from Layer 5 of Mollet cave were recovered from the sediment of the excavation campaigns dating from 2001 to 2011. This sediment was all water-screened using two 5 mm and 0.5 mm meshes. The sample of small vertebrate bones studied included around 700 fragments, of which only 53 were identified to species level, corresponding to a minimum number of individuals (MNI) of 38, representing a total of 15 taxa (3 amphibians, 2 squamates, 1 insectivore, 2 chiropterans and 7 rodents), of which the most abundant species are Iberomys brecciensis, Pelodytes cf. punctatus and Bufo cf. bufo (Fig. 2) . The bones recovered from Layer 5 were identified following the general criteria of systematic palaeontology and the material from 2001 to 2005 campaigns was previously published as a faunal list in Maroto et al. (2012) .
Taphonomy may have exerted an influence on the smallvertebrate association of Layer 5 of Mollet cave. Although a complete taphonomic study has not been performed in Mollet cave, some preliminary remarks can be made. The pattern of skeletal element frequencies (71.7%; Table 3 ) indicates a good representation of small-vertebrate identified elements. The high breakage (43.4%; Table 3 ) in bones and the poor representation of small-vertebrate skeleton elements are probably related with postdepositional phenomena. The light to moderate digestion seen in Microtine teeth, with rounded in the triangles, indicates that the bones were probably accumulated by an avian predator of category 1 (sensu Andrews, 1990) , such as the Barn Owl (Tyto alba) or the Long-eared Owl (Asio otus). Table 3 The number of identified specimens (NISP), the minimum number of individuals (MNI), the percentage of the MNI (%), and the percentage of the skeletal representation and the percentage of fragmentation (according to Andrews, 1990) , taking into account the diagnostic elements to identify the species for the small vertebrates from the Molet cave Layer 5.
NISP MNI % MNI % Representation % Fragmentation From another standpoint, occasional predation on bats by nocturnal birds of prey might account for the isolated teeth at Mollet cave, though in-situ death might also account for these, since the species in question is known to frequent caves. Although the predator responsible for the accumulation cannot be specified, there are no indications of alteration to suggest that Mollet cave assemblage is not representative of the ecosystem in the direct vicinity of the cave at the time when the remains were deposited.
As far as amphibians and squamate reptiles are concerned, the NISP/MNI ratio is rather high and similar for each taxon, suggesting good preservation of the remains and possibly also that these remains were the result of both the action of nocturnal birds of prey and the accumulation of dead animals in the course of hibernation or estivation in the cave. Moreover, at least in the Iberian Peninsula, predators that occasionally catch amphibians and/or squamates are considered opportunistic, so fossil accumulations are qualitatively and quantitatively representative of the immediate environment surrounding the cave.
Nowadays there are 29 small-mammal species in this part of northeastern Iberia, including insectivores, bats and rodents (Vigo, 2005) . Excluding bats because of the fragility of their bones and the species linked with the anthropization during the Holocene (Rattus spp. and Mus spp) Mollet cave small-mammal assemblage corresponds to 72.7% of the current small-mammal faunas surrounding the cave. However, there are 22 amphibians and squamate reptiles species represented today in this part of northeastern Iberia (Folch, 1987) and Mollet cave represent only the 23% of these current small-vertebrate. Together, both micromammals and amphibians and squamate reptiles, representing the 40% of the current small-vertebrate faunas surrounding the Mollet cave.
In order to reconstruct the environment, the small-vertebrate species from Layer 5 were classified into four habitat types on the basis of their habitat preferences, taking into account their extant representatives in the Iberian Peninsula (in accordance with Cuenca-Bescós et al., 2005; Blain et al., 2008; López-García et al., 2011a, among others) : open land in which dry and wet meadows can be distinguished in some cases, woodland and woodlandmargin areas, and areas surrounding water. These types are named as follows: open dry, for meadows under seasonal climate change; open humid, for evergreen meadows with dense pastures and suitable topsoil; woodland, for mature forest including woodland margins and forest patches, with moderate ground cover; and water edge, along streams, lakes and ponds. These assemblages are a simplification because there may exist transitional habitats between open wetland and water, and wet-grazing lands together with woodland habitats. Table 4 shows the habitat distribution of the species represented in Layer 5.
In order to reconstruct the climate at Layer 5, each vertebrate taxon was considered on the basis of its current climatic preferences (in accordance with López-García et al., 2010 , 2011b . Climatic ranges were divided into three types: Mediterranean, which includes non-strictly and strictly Mediterranean species, these taxa are associated with wet-winter and dry-summer climatic conditions; mid-European, which comprises species with mid-European requirements, with mean summer temperatures lower than 20 C, mean annual temperatures (MAT) between 10 C and 12 C and mean annual precipitation (MAP) higher than 800 mm and mid-European species tolerant of Mediterranean conditions, with MAP higher than 600 mm, these taxa are associated with mild winters, cold summers and abundant precipitation; and generalist, which includes taxa without very strict requirements and clear climatic preferences (Table 4) . 
Results and discussion
The small-vertebrate from Mollet cave are represented by 15 taxa, including two squamates, three amphibians, one insectivore, two bats and seven rodents (Table 3 ). In terms of MNI the most important species are Pelodytes cf. punctatus (21.1%), Bufo cf. bufo (15.8%), Iberomys brecciensis (15.8%) and Vipera sp. (10.5%). The other species are represented by less than 8% of the material (Table 3 ). This association of Mollet cave reveals an environment dominated by humid meadows (61%), represented principally by the species I. brecciensis, B. cf. bufo and Microtus jansoni, together with a high component of forest (22%), indicated by the presence of taxa P. cf. punctatus, B. cf. bufo and Vipera sp. (Table 3 ; Fig. 2 ). In addition, a high percentage of Mediterranean taxa (39%), represented by the species I. brecciensis, Terricola cf. atapuerquensis and Miniopterus schreibersii and a high percentage of non-Mediterranean taxa (33%), indicated by the species M. jansoni and Microtus arvalis is present in the Layer 5 of Mollet cave (Table 3 ; Fig. 2 ).
Environmental and climatic reconstruction
The region surrounding the Mollet cave is nowadays dominated by a Mediterranean climate with MAT ¼ 14.8 C and MAP ¼ 793 mm (Font-Tullot, 2000) and the currently landscape is basically composed by the coast Mediterranean Oak (Quercetum ilicis galloprovinciale) (Burjachs and Renault-Miskovski, 1992) .
The non-analogue small-vertebrate association of Mollet cave suggests that Layer 5 was formed in a transitional phase from a warm to a cold stage with forest development. Taking into account the uranium-series dating for Layer 5 (ca. 215 ka) (Maroto et al., 2012) , this phase would correspond to the beginning of MIS 7c (Fig. 3) . Substage 7c has in general been defined in several European continental and marine pollen sequences as the longest and most floristically diverse phase of forest development of the MIS 7 substages (Despart et al., 2006; Roucoux et al., 2006 Roucoux et al., , 2008 . At the Iberian margin the beginning of MIS 7c coincides with a spell of pioneer vegetation development and a transition from a cold to a warm period (Roucoux et al., 2008) . These data are consistent with the results for the small-vertebrate and large-mammal associations for Layer 5 of Mollet cave. The large mammals association coming from the Layer 5 of Mollet cave is composed by species related to woodland habitats and Mediterranean requirements, such as Dama sp. or Cervus elaphus, woodland habitats, such as Capreolus capreolus, Vulpes vulpes or Ursus sp. and open areas, such as Bos primigenius, Equus hydruntinus, Stephanorinus hemitoechus or Crocuta crocuta (Maroto et al., 2012) .
Mollet cave and the Middle Pleistocene hominins
The record of Middle Pleistocene hominins in Europe is not yet large, but in recent years several discoveries and re-datings of ancient findings have provided a general framework suggesting how these hominins lived ( Fig. 1; Table 1 ). In the Iberian Peninsula, with the exception of the site of Sima de los Huesos in Atapuerca (Arsuaga et al., 1997, among others) , there is a scarcity of Middle Pleistocene human remains. In this context, Mollet cave, with human remains and well-dated data, could provide new insights into how these hominins lived. As has been shown above, the human remains from Mollet cave are located at the beginning of MIS 7c. Besides Mollet cave, only eight sites in Europe with hominin remains can be ascribed to MIS 7 ( Fig. 1 Grün, 1996) , Almonda (ca. 241 ka; Trinkaus et al., 2003) , Ehringsdorf (ca. 230 ka; Blackwell and Schwarcz, 1986) , Lezetxiki (ca. 225 ka; Falguères et al., 2005) , Pontnewydd (ca. 200 ka; Green et al., 1981) , Biache (ca. 200 ka; Guipert et al., 2011), Vértesszölös (ca. 185 ka; Schwarcz and Latham, 1984) and Bolomor 5 (ca. 225 ka; Arsuaga et al., 2012) . Taking into account the chronologies and the large and small-mammal studies (Chaline, 1970; Kretzoi, 1977; Jánossy, 1986; Guillem-Clatayud, 2000; Schreve, 2001; Marks et al., 2002; Schäfer et al., 2007; Dusseldorp, 2009) proposed for these sites, these localities with Middle Pleistocene human remains e including Mollet cave e could be correlated with warm intervals of MIS 7 (Fig. 3) , which are characterized according to the pollen record by forest expansion and mid-climatic conditions (Despart et al., 2006; Roucoux et al., 2006 Roucoux et al., , 2008 . These data lead to the conclusion that the Middle Pleistocene hominins are recorded during MIS 7 in open forest areas during the mid-climatic periods. Similar characteristics have been detected with the small vertebrate studies in other MIS7 Mediterranean sites without humans remains but with archaeological evidence, such as Trinchera Elefante TE18-19 (MIS7-9; Atapuerca, Spain), Valdocarros (MIS7-8; Madrid, Spain), Baume Bonne (MIS6-8; Alpes-de-Huate-Provence, France) or Cèdres (MIS7; Plan d'Aups, France) (Hanquet, 2011; López-García et al., 2011b; Blain et al., 2012) . All of these Mediterranean sites, containing or not human remains, have similar characteristics in their small vertebrates associations. In Petralona, Mediterranean conditions are indicated by the presence of Pelobates fuscus and Microtus praeguentheri and the open forest environment by the presence of Apodemus mystacinus (Kretzoi, 1977) . In Almonda the Mediterranean open woodland species are represented by the most abundant taxa I. brecciensis, Eliomys quercinus, Apodemus sp. and Allocricetus bursae (Marks et al., 2002) . In Bolomor 5, the most abundant species are I. brecciensis and Apodemus sp., both taxa related to Mediterranean open woodland conditions (Guillem-Clatayud, 2000) . In TE18-19 from Sima del Elefante the most abundant species are the Mediterranean open woodland taxa I. brecciensis, Apodemus sylavticus, Pelodytes puncatus and Bufo bufo López-García et al., 2011b) . In Valdocarros the Mediterranean open woodland taxa are dominant and are represented by I. brecciensis, Apodemus sp., Crocidura aff. russula, Pelobates cultripes, Timon lepidus or Coronella girondica (Sesé et al., 2011; Blain et al., 2012) . In Baume Bonne and Cèdres, Terricola duodecimcostatus and I. brecciensis, together Apodemus sylvaticus, are the most represented taxa, which indicate Mediterranean open woodland conditions (Hanquet, 2011) .
Concluding remarks
This study of the small vertebrates of the Middle Pleistocene Layer 5 of Mollet cave, dated to ca. 215 ka, establishes the following conclusions:
1) The environment and climate experienced by the Middle Pleistocene hominins who lived around Mollet cave were dominated by humid meadows, together with a high component of forest and a roughly equal representation of Mediterranean and non-Mediterranean taxa. 2) Taking into account the data obtained with this study and the previous dating, the accumulation of remains in Mollet cave was produced at the beginning of MIS 7c, a phase characterized by pioneer vegetation development and the transition from a cold to a warm period, as also illustrated by the analyses. 3) Comparing the data with other southwestern European sites with Middle Pleistocene human remains and Mediterranean sites with archaeological evidence from MIS 7, all the abovementioned localities contained by this interstadial can be correlated with the warm intervals of MIS 7. Accordingly, during MIS 7 the hominins lived in open forest areas during the mid-climatic substages.
